INTRODUCTION
Since the first deposition of diamond-like carbon (DLC) material as thin film by Aisenberg and Chabot [1] , a wide range of deposition methods have been developed for DLC synthesis. Due to intense research and development efforts, some of these materials are now suitable for industrial applications [2] and they are widely commercially available since the 1990s.
The variety of deposition techniques and the large available range of process parameters are both leading to many compositions and structures. It is thus possible to control the physical and mechanical properties of a DLC film by an appropriate choice of deposition technique and its parameters. Diamond-like carbon has then become a generic term comprising many amorphous carbon forms as thin coatings obtained by chemical or physical vapor deposition (PVD) techniques. Recent reviews describe the various structures and properties of DLC coatings and their applications [3] . PVD processes using graphite or carbonaceous targets will lead to amorphous carbon a-C and at high sp 3 content to tetrahedrally coordinated amorphous carbon ta-C, with very low hydrogen content (less than ~10 at.%). Plasma-assisted chemical vapor deposition (CVD) processes using gaseous precursors will lead to hydrogenated amorphous carbon (a-C:H) and tetrahedrally coordinated hydrogenated amorphous carbon (ta-C:H), with significant hydrogen content (more than ~15 at.%). These different compositions correspond to different structures and properties.
The present paper will focus on the temperature dependence of a a-C:H film. Friction tests in ultrahigh vacuum in temperatures ranging from -130 to 300 °C were conducted.
EXPRERIMENTAL
The samples prepared for the experiments were deposited on Si (100) substrates by a d.c. plasma-enhanced chemical vapor deposition (d.c.-PECVD) process from acetylene (C 2 H 2 ). Details on the process can be found in Ref. [4] and on the 
WTC2005-63513
sample in Ref. [5] . Its main characteristics are summarized in Table 1 . Friction experiments were performed with an analytical ultrahigh vacuum tribometer [6] . The tool consists of a linear reciprocating pin-on-flat tribometer placed inside an ultrahigh vacuum chamber enabled for surface analyses, with X-ray electron spectroscopy (XPS), Auger electron spectroscopy (AES) and an Ar ion gun for surface etching and depth profiling. The pins were all made of AISI 52100 bearing steel with a radius of curvature of 8 mm. Both pin and flat were washed with heptane, then with propanol.
Experiments were conducted under ultrahigh vacuum (10 -7 Pa) and with a normal load of 3 N, leading to a maximum Hertzian contact pressure of about 470 MPa and a contact diameter of about 110 µm, with a track length of 2 mm and a sliding spped of 0.5 mm/s. And we have conducted them with various temperatures ranging from -130 to 300 °C. Figure 1 shows the friction coefficient curves of a-C:H in various temperatures. In all temperature conditions, friction coefficient has decreased suddenly under 0.01 after a period of high friction coefficient (from 0.3 to 0.35). And this period of high friction coefficient has a tendency to be long at lower temperatures than room temperature. We could also find a breakdown of superlow friction state after 200 cycles of the friction test at 300 °C. This indicates that this a-C:H film has a thermal application limit between 200 and 300 °C. Here, the period from the start of the test to the beginning of the sharp drop in friction is named as the incubation period (P inc ). Also, the period of the transition in friction coefficient from the initial high level to the super low friction regime is named as the transition period (P trans ). Figure 2 is an Arrhenius type plot for the incubation period, while Figure 3 for the transition period. T is the temperature of the specimen surface. A good correlation can be seen between ln(1/P inc ) and 1/T, while that between ln(1/P trans ) and 1/T is weak. This means that the incubation period is driven by or related to some sort of thermal activation process, while the transition period is not. There are various physical phenomena that follow the Arrhenius' equation such as chemical reaction kinetics, intramolecular rotation, but it has not been clarified for the moment which actually is the major mechanism of the temperature dependence. 
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